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Abstract

:

Endoscopic ultrasonography (EUS) has greater spatial resolution than other diagnostic imaging modalities. In addition, if gallbladder lesions are found and gallbladder cancer is suspected, EUS is an indispensable modality, enabling detailed tests for invasion depth evaluation using the Doppler mode and ultrasound agents. Furthermore, for gallbladder lesions, EUS fine-needle aspiration (EUS-FNA) can be used to differentiate benign and malignant forms of conditions, such as xanthogranulomatous cholecystitis, and collect evidence before chemotherapy. EUS-FNA is also useful for highly precise and specific diagnoses. However, the prevention of bile leakage, an accidental symptom, is highly important. Advancements in next-generation sequencing (NGS) technologies facilitate the application of multiple parallel sequencing to EUS-FNA samples. Several biomarkers are expected to stratify treatment for gallbladder cancer; however, NGS can unveil potential predictive genomic biomarkers for the treatment response. It is believed that NGS may be feasible with samples obtained using EUS-FNA, further increasing the demand for EUS-FNA.






Keywords:


Endoscopic ultrasonography (EUS); EUS fine-needle aspiration (EUS-FNA); gallbladder carcinoma; xanthogranulomatous; cholecystitis gallbladder lesions












1. Introduction


Endoscopic ultrasonography (EUS) plays a major role in the diagnosis of gallbladder lesions. The digitization of diagnostic ultrasound imaging devices and advancements in ultrasound contrast media help obtain the blood flow information with the Doppler-mode and contrast-enhanced EUS, and more detailed EUS investigations can be performed to determine the presence of gallbladder lesions and invasion depth for suspected gallbladder cancer. In some cases, EUS combined with fine-needle aspiration (EUS-FNA) is also useful for distinguishing between benign and malignant gallbladder lesions. This review outlines the use of EUS in the diagnosis of gallbladder lesions.




2. EUS for Gallbladder Lesions


Table 1 presents the classification of gallbladder lesions. Gallbladder lesions are classified as neoplastic or non-neoplastic based on their microscopic structure and invasive characteristics (Table 1). In cases of suspected gallbladder cancer, clinical practice guidelines for the management of biliary tract cancers [1] recommend diagnostic imaging, including EUS, as the third diagnostic step for all gallbladder cancers.



EUS is performed using an endoscope equipped with an ultrasound probe. High ultrasound frequencies (5 mHz to 20 mHz) are used for EUS, and it has a high spatial resolution, thereby facilitating a detailed examination of the gallbladder because it can approach and examine the organ at a closer range than the conventional US [2,3,4]. This helps in the qualitative diagnosis of lesions and evaluation of tumor invasion depth [5]. However, because the position of the gallbladder can differ between individuals, visualizing the entire gallbladder is occasionally difficult, particularly the gallbladder fundus. For this reason, different imaging modalities, such as abdominal ultrasonography (US), computed tomography (CT), or magnetic resonance cholangiopancreatography (MRCP), must be used before EUS is performed.



There are two types of EUS scopes for radial scanning and convex array. The devices used for these provide different types of images and are therefore used in various visualization methods. Kaneko et al. [6] reported that there was no significant difference in visualization between these two types of devices in the examination of the pancreaticobiliary region.




3. Diagnosis of Gallbladder Tumor


3.1. Diseases That Require Differentiation from Early Gallbladder Cancer


A pedunculated type of gallbladder tumor is visualized in EUS as a polyp-shaped or papillary elevated lesion with a sessile (broad-based) or peduncle smooth surface and a uniform internal echo pattern (Figure 1). Polyp-shaped lesions of gallbladder cancers are normally early-stage cancers with a wall invasion depth reaching the mucosal layers [7]. Gallbladder cancers sometimes sequentially spread extensively around the main lesion. Tumor diameter is also an important aspect, and a study of gallbladder polyps >10 mm in diameter reported that a single polyp (OR, 3.680–3.856) and polyps of a larger size (OR, 1.450–1.477) were independently associated with neoplastic polyps (p < 0.05). In single polyps or polyps >14 mm, the sensitivity for differentiating neoplastic from non-neoplastic polyps was 92.3% [8]. This theory was based on the evidence of an observational study that showed some adenomas having malignant components [9], along with the adenoma–carcinoma sequence of colorectal polyps [10,11]. The Joint European guidelines recommend cholecystectomy for polyps ≥10 mm [12]; however, 5% of lesions ≤10 mm are also known to be malignant [13].



Diseases that require a differential diagnosis from pedunculated-type gallbladder cancer include cholesterol polyps, gallbladder adenomas, inflammatory polyps, and fibrous polyps (Table 1). Cholesterol polyps account for approximately 95% of raised gallbladder lesions and occur when histiocytes (foamy cells) ingest cholesterol esters, accumulate under the mucosal epithelium, and expand to form polyp-shaped growths. These polyps can break off, leading to complications similar to those caused by small gallstones [14]. During EUS, cholesterol polyps typically appear as multiple lesions and are homogeneous, pedunculated, and smaller than ≤4 mm; polyps are also generally more hyperechoic than the liver parenchyma or gallbladder wall [12,14,15]. However, as the cholesterol polyp grows, the echo intensity inside the polyp may decrease; when this occurs, the cholesterol polyp cannot be easily differentiated from adenoma or cancer. Another study on gallbladder polyps ≥10 mm used contrast-enhanced EUS to diagnose benign or malignant polyps based on the presence of an irregular contrast pattern and reported a 90.3% sensitivity and 96.6% specificity for this method [16].



Gallbladder adenoma, which can exhibit premalignant behavior (Figure 2), is a rare condition that accounts for 10% of ultrasonographically diagnosed gallbladder polyps [14]. It is usually solitary, 5–20 mm in size, and can be sessile or pedunculated [14,17,18]. Gallbladder adenomas have four histological types: pyloric, intestinal, foveolar, and biliary. Histologically, 70% of gallbladder adenomas are tubular adenomas of the pyloric gland. Pyloric gland tubular adenoma of the gallbladder is characterized by multiple microcysts inside a polyp; however, it is difficult to distinguish between cancer and this type of adenoma.



Gallbladder adenomas are generally homogeneous polyps, often isoechoic, contain liver parenchyma, and are sessile or pedunculated. An intralesional vascular spot may be observed on color Doppler investigation [14]. Using contrast-enhanced EUS, pyloric gland tubular adenoma of the gallbladder tends to exhibit more uniform contrast enhancement than gallbladder cancer or cholesterol polyps [19]. Gallbladder adenomas are prone to cancer development by the adenoma–carcinoma sequence; however, the frequency of adenomas progressing to adenocarcinomas remains unclear [12,14,15,18,20]. Intracystic papillary neoplasm (ICPN) is a gallbladder lesion concept proposed by the 2010 WHO classification (Figure 3), although some aspects of how an ICPN differs from adenoma are unclear, and a unified pathological opinion on the topic is anticipated.



Pancreaticobiliary maljunction (PBM) is a risk factor for biliary tract and gallbladder cancers as it causes mixing of the pancreatic fluid and bile. In particular, gallbladder cancer complicates 40% of PBM cases not associated with dilatation of the extrahepatic biliary tract (undilated PBM). Hyperplastic changes in the gallbladder epithelium are found in 38–63% of PBM cases [21], and biliary tract dilatation is not observed in a high percentage of PMB cases (91–100%) [22]. During the EUS procedure, PBM must always be ruled out when diffuse thickening of the gallbladder wall due to hyperplastic changes is observed by EUS (Figure 4).




3.2. Diseases That Require Differentiation from Advanced Gallbladder Cancer


Adenomyomatosis (ADM) and cholecystitis typically require differentiation from advanced gallbladder cancer. ADM can be diagnosed using EUS as wall thickening with a uniform surface, and, inside the thickened wall, as microcystic anechoic areas that indicate the presence of Rokitansky–Aschoff sinuses (RAS) and the “comet tail” artifact, which is a form of reverberation. Cancer can also coexist with ADM, and EUS must be carefully performed to identify the presence of irregular unevenness on the ADM surface.



Chronic cholecystitis and xanthogranulomatous cholecystitis (XGC) manifest as a wide variety of imaging findings. XGC is a subtype of chronic cholecystitis in which granulomas form due to histiocytes in the gallbladder wall ingesting purulent bile leaked from bile-filled RAS after the intra-gallbladder pressure increases due to various causes (i.e., incarcerated gallbladder neck stone and cancer). XGC is an intramural infection: it causes marked gallbladder wall thickening, spreads inflammation to surrounding organs, and manifests with findings that resemble advanced gallbladder cancer (Figure 5). Typical imaging-based findings of XGC are a linear enhancement on contrast-enhanced CT, indicating an intact gallbladder mucosal surface, and intramural high signal intensity on T2-weighted MRI, indicating intramural abscess. Although a definite diagnosis of XGC is difficult [23], EUS-FNA is the preferred modality when necessary.





4. Staging of Gallbladder Cancer


An important role of EUS in gallbladder cancer diagnosis is to determine the invasion depth. EUS is a useful tool for assessing the tumor depth of invasion [24,25].



Fundamental to the assessment of invasion depth is interpreting the layer structure of the gallbladder wall visualized by EUS. The gallbladder wall is divided into the mucosa (M), muscularis propria (MP), subserosa (SS), and serosa (S) layers (Figure 6). In EUS, the gallbladder wall is visualized as three layers: the hyperechoic, hypoechoic, and hyperechoic layers from the lumen side [26]. The first hyperechoic layer is a boundary echo. The second hypoechoic layer includes M, MP, and SS fibrous layers (shallow layer), and the hyperechoic outer layer includes the SS fatty layer (deep layer) and serosa. It should be noted that early gallbladder cancer (T1) cannot be diagnosed if the outer hyperechoic layer is identified as normal on EUS images (Figure 7), because the hypoechoic layer includes the SS fibrous layer (shallow layer). Therefore, T1 and T2 lesions cannot be easily differentiated using EUS. Conversely, “r” disappearance or thinning sign on the hyperechoic outer layer suggests invasion beyond the deep SS layer (Figure 8).



In recent years, attempts have been made to improve T-staging and invasion depth accuracy by performing contrast-enhanced EUS (Sonazoid® or SonoVue@) and EUS elastography to assess the depth of fibrosis, respectively [27].




5. EUS-FNA of the Gallbladder


Obtaining tissue samples from gallbladder lesions before surgery is difficult, and diagnostic imaging is the main method for differentiating between benign and malignant gallbladder lesions. Although the diagnostic systems for gallbladder lesions are improving owing to advancements in diagnostic imaging technology, differentiating between benign or malignant lesions remains difficult in a significant number of cases, and tissue diagnosis is necessary to rule out other treatable conditions, including not only benign disease but also lymphoma and tuberculosis.



Bile cytodiagnosis using transpapillary endoscopic gallbladder drainage (ENGBD) is reportedly a useful endoscopic method for the cytological diagnosis of gallbladder lesions. However, there are some issues regarding ENGBD cytodiagnosis. This technique poses the risk of perforating the gallbladder duct with the guidewire. In contrast, if a gallbladder lesion can be visualized as a tumor by EUS, a pathological diagnosis can be established using EUS-FNA [28].



Despite the widespread use of EUS-FNA in various pancreaticobiliary lesions, published data regarding its role in gallbladder mass lesions are scarce [23,29,30,31,32]. Table 2 highlights the diagnostic performance of EUS-FNA for gallbladder lesions in previous studies. Studies on EUS-FNA for gallbladder lesions report a sensitivity of 80–100%, specificity of 100%, and accuracy of 83–100% [23,29,30,31,32]. One meta-analysis of nine studies concluded that EUS-FNA is an accurate and safe method for the evaluation of gallbladder masses, with a combined sensitivity of 84% [33]. None of the studies reported complications in the form of bile leak, cholangitis, or bleeding, suggesting that EUS-FNA is a safe procedure. This may be due to close contact of the gallbladder with the duodenum, with there being no need to go through the gallbladder lumen during the procedure [29]. However, we have to pay attention to the high sensitivity and specificity rates because of the possibility of a selective outcome reporting bias.



5.1. EUS-FNA Indications for Differential Diagnosis of Gallbladder Lesions


The risk of bile leakage must be carefully considered when performing EUS-FNA for gallbladder lesions. Bile leakage may not only cause peritonitis but also peritoneal dissemination in cases of malignancy. Recently, cases of dissemination needle-tract seeding caused by EUS-FNA have been reported, most of which are needle-tract seeding being intragastric wall metastases, and peritoneal dissemination is rare [35,36,37]. Though the frequency of dissemination is extremely low, peritoneal dissemination via EUS-FNA is an issue because it impairs patient survival [37]. Thus, EUS-FNA is only indicated for gallbladder lesions when the lesion can be aspirated without passing the needle through the gallbladder lumen or lesions with wall thickening. Accordingly, EUS-FNA is not indicated for gallbladder polyps or other lesions that project on the luminal side of the gallbladder. However, a recent case report described a case of gallbladder polypoid lesions successfully treated with EUS-FNA using 22-gauge needles with no complications [38].



Recently, a through-the-needle microforceps device was developed for EUS-guided tissue sampling of pancreas cystic lesions [39]. These microforceps can be advanced through the lumen of a standard 19-gauge EUS-FNA needle for through-the-needle tissue biopsy (TTNB) of pancreas cystic lesions [40,41]. EUS-TTNB is a useful tool for the differential diagnosis of pancreatic cystic lesions. It can also be applied to lesions in the gallbladder, although there is no report so far. However, about the complications, one technical review noted complications ranging from 2 to 23% [41,42]. Moreover, EUS-TTNB is thought to have the risk of gallbladder perforation because the gallbladder itself is cystic, and the gallbladder wall is thin. Therefore, we think that the indication of EUS-TTNB for the gallbladder is very restrictive at present.



Furthermore, in Japan, unlike the diagnosis for pancreatic cancer, preoperative diagnosis by EUS-FNA is not routinely recommended for resectable gallbladder cancer, because there is no evidence of neoadjuvant chemotherapy. Nevertheless, EUS-FNA should be considered in some cases of resectable gallbladder cancer, for example, when it is difficult to categorize a lesion as benign or malignant, or when the surgery is extremely invasive [23]. It can be especially difficult to differentiate XGC from gallbladder cancer, and resection with extensive hepatectomy is sometimes performed for such cases. Preoperative pathological evidence is more important for determining treatment strategies in older patients and those who pose a high risk for surgery. Nevertheless, the absence of malignant cells on EUS-FNA cannot completely rule out coexisting gallbladder cancer, and interpretation of negative EUS-FNA results for malignancy must be performed carefully. XGC coexists in 2–15% of gallbladder cancer cases [43,44]. Cases of coexisting XGC and gallbladder cancer can also involve gallbladder neck cancer with XGC in the body and fundus of the gallbladder due to elevated intra-gallbladder pressure and RAS rupture. For this reason, the gallbladder neck and cystic duct must be examined carefully in addition to the lesion area. EUS allows for the detailed examination of both the gallbladder neck and duct and reduces the risk of overlooked coexisting gallbladder cancer in cases of XGC. Surrounding lymph nodes are also enlarged in 80% of cases of advanced gallbladder cancer [34]. Thus, if enlarged lymph nodes are found when attempting to differentiate between XGC and gallbladder cancer, false positives can be reduced by performing EUS-FNA on the lymph nodes.




5.2. EUS-FNA and EUS-FNB for Evidence of Advanced Gallbladder Cancer


EUS-FNA is actively performed in cases of unresectable gallbladder cancer [34]. It is necessary to perform EUS-FNA to help select a treatment strategy in cases of unresectable gallbladder cancer, because small-cell carcinoma of the gallbladder (neuroendocrine type) comprises 2.5% of gallbladder cancer cases [34], and although rare, some reports have described metastatic sarcoma and malignant lymphoma of the gallbladder. Tissue diagnosis is necessary for potentially untreatable gallbladder cancer and to rule out other treatable conditions such as lymphoma, tuberculosis, and XGC [29].



Advanced gallbladder cancer is generally associated with liver metastasis, lymph node metastasis, and invasion of the surrounding tissue; EUS-FNA is a relatively easy method of obtaining histological evidence prior to chemotherapy from the primary site, liver metastases, and enlarged lymph nodes. In cases where lesions have invaded the liver, it is recommended to use either the liver parenchyma or the gallbladder wall in contact with the liver parenchyma as the invasion site [5].



Recently, novel fine-needle biopsy (FNB) devices have been specifically designed to obtain histological specimens [4,45]. Histological specimens with preserved architecture are easier to be interpreted by a standard pathologist than cytological smears [46].



Indeed, recent results of EUS-FNB for both pancreatic and non-pancreatic lesions demonstrated that the histological yield and accuracy rate are excellent [46,47,48,49,50]. Therefore, it is recommended to use EUS-FNB, in particular, for the examination of cases that require IHC, including the metastasis from another primary organ’s malignancy/a malignant lymphoma, and those whose genetic analyses have been described below.




5.3. EUS-FNA for Gallbladder Lesions in Clinical Practice


When taking a sample from the gallbladder, it is important that the needle does not pass through the lumen of the gallbladder because bile leakage from the needle puncture site may cause peritonitis and peritoneal dissemination in cases of malignancy. If possible, it is easier to approach the puncture site from the duodenal bulb. The gallbladder is highly mobile; hence, a needle stroke can often be difficult even when a puncture is possible. Thus, it is best to puncture the neck side of the gallbladder or gallbladder wall in contact with the liver parenchyma, in cases where this is possible. Recently, Tamura et al. reported the utility of EUS-FNA with contrast-enhanced harmonic imaging (EUSFNA-CHI), which allows the appropriate positioning of the needle within the gallbladder tumor by avoiding the fluid space, for obtaining a higher volume of tissue [51].





6. Future Prospects for EUS-FNB for Gallbladder Lesions


As research moves toward the realization of truly individualized medicine, the increasing popularity of next-generation sequencing will enable drug selection based on genome biomarkers. The genetic analyses of EUS-FNB specimens from some organs using targeted amplicon sequencing have already been reported. Driver genes, such as the ERBB2, PIK3CA, IDH1/2, BRCA1/2, and FGFR2 fusion genes, have been identified in gallbladder and biliary tract cancers [52,53]. Specimens obtained by EUS-FNB can be used for next-generation sequencing of bile duct cancer. With next-generation sequencers, EUS-FNB should also become increasingly essential in the diagnosis and treatment selection for gallbladder cancers [54,55,56].







Funding


This work was supported in part by The National Cancer Center Research and Development Fund (31-A-13).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Nagino, M.; Hirano, S.; Yoshitomi, H.; Aoki, T.; Uesaka, K.; Unno, M.; Ebata, T.; Konishi, M.; Sano, K.; Shimada, K.; et al. Clinical practice guidelines for the management of biliary tract cancers 2019: The 3rd English edition. J. Hepato-Biliary-Pancreat. Sci. 2021, 28, 26–54. [Google Scholar] [CrossRef]

	



Azuma, T.; Yoshikawa, T.; Araida, T.; Takasaki, K. Differential diagnosis of polypoid lesions of the gallbladder by endoscopic ul-trasonography. Am. J. Surg. 2001, 181, 65–70. [Google Scholar] [CrossRef]

	



Sugiyama, M.; Atomi, Y.; Yamato, T. Endoscopic ultrasonography for differential diagnosis of polypoid gall bladder lesions: Analysis in surgical and follow up series. Gut 2000, 46, 250–254. [Google Scholar] [CrossRef]

	



Hijioka, S.; Okusaka, T. Enormous Potential of Endoscopic Ultrasound-guided Liver Biopsies. Intern. Med. 2021, 60, 1655–1656. [Google Scholar] [CrossRef]

	



Tanaka, K.; Katanuma, A.; Hayashi, T.; Kin, T.; Takahashi, K. Role of endoscopic ultrasound for gallbladder disease. J. Med. Ultrason. 2021, 48, 187–198. [Google Scholar] [CrossRef]

	



Kaneko, M.; Katanuma, A.; Maguchi, H.; Takahashi, K.; Osanai, M.; Yane, K.; Hashigo, S.; Harada, R.; Kato, S.; Kato, R.; et al. Prospective, randomized, comparative study of delineation capability of radial scanning and curved linear array endoscopic ultrasound for the pancreaticobiliary region. Endosc. Int. Open 2014, 2, E160–E170. [Google Scholar] [CrossRef]

	



Okaniwa, S. How Can We Manage Gallbladder Lesions by Transabdominal Ultrasound? Diagnostics 2021, 11, 784. [Google Scholar] [CrossRef]

	



Choi, T.W.; Kim, J.H.; Park, S.J.; Ahn, S.J.; Joo, I.; Han, J.K. Risk stratification of gallbladder polyps larger than 10 mm using high-resolution ultrasonography and texture analysis. Eur. Radiol. 2018, 28, 196–205. [Google Scholar] [CrossRef]

	



Kozuka, S.; Tsubone, M.; Yasui, A.; Hachisuka, K. Relation of adenoma to carcinoma in the gallbladder. Cancer 1982, 50, 2226–2234. [Google Scholar] [CrossRef]

	



Day, D.W.; Morson, B.C. The adenoma-carcinoma sequence. Major Probl. Pathol. 1978, 10, 58–71. [Google Scholar]

	



Wennmacker, S.Z.; Lamberts, M.P.; Drenth, J.P.; Gurusamy, K.S.; Van Laarhoven, C.J. Transabdominal ultrasound or endoscopic ultrasound for diagnosis of gallbladder polyps. Cochrane Database Syst. Rev. 2016, 8, Cd012233. [Google Scholar] [CrossRef]

	



Wiles, R.; Thoeni, R.F.; Barbu, S.T.; Vashist, Y.K.; Rafaelsen, S.R.; Dewhurst, C.; Arvanitakis, M.; Lahaye, M.; Soltes, M.; Perinel, J.; et al. Management and follow-up of gallbladder polyps. Eur. Radiol. 2017, 27, 3856–3866. [Google Scholar] [CrossRef]

	



Okada, K.-I.; Kijima, H.; Imaizumi, T.; Hirabayashi, K.; Matsuyama, M.; Yazawa, N.; Oida, Y.; Dowaki, S.; Tobita, K.; Ohtani, Y.; et al. Wall-invasion pattern correlates with survival of patients with gallbladder adenocarcinoma. Anticancer. Res. 2009, 29, 685–691. [Google Scholar]

	



Cocco, G.; Basilico, R.; Pizzi, A.D.; Cocco, N.; Boccatonda, A.; D’Ardes, D.; Fabiani, S.; Anzoletti, N.; D’Alessandro, P.; Vallone, G.; et al. Gallbladder polyps ultrasound: What the sonog-rapher needs to know. J. Ultrasound. 2021, 24, 1–12. [Google Scholar] [CrossRef] [PubMed]

	



Elmasry, M.; Lindop, D.; Dunne, D.F.; Malik, H.; Poston, G.J.; Fenwick, S.W. The risk of malignancy in ultrasound detected gallbladder polyps: A systematic review. Int. J. Surg. 2016, 33, 28–35. [Google Scholar] [CrossRef]

	



Choi, J.H.; Seo, D.W.; Choi, J.H.; Park, D.H.; Lee, S.S.; Lee, S.K.; Kim, M.H. Utility of contrast-enhanced harmonic EUS in the diagnosis of ma-lignant gallbladder polyps (with videos). Gastrointest. Endosc. 2013, 78, 484–493. [Google Scholar] [CrossRef]

	



Yang, G.; Qin, H.; Raza, A.; Saukel, G.W.; Solomon, N.; Michelotti, M.; Raghavan, R. Pyloric gland adenoma of gallbladder—Reports of two cases and a brief review of literature. J. Gastrointest. Oncol. 2016, 7, S81–S87. [Google Scholar]

	



Ito, H.; Hann, L.E.; D’Angelica, M.; Allen, P.; Fong, Y.; Dematteo, R.P.; Klimstra, D.S.; Blumgart, L.H.; Jarnagin, W.R. Polypoid lesions of the gallbladder: Diagnosis and fol-lowup. J. Am. Coll. Surg. 2009, 208, 570–575. [Google Scholar] [CrossRef] [PubMed]

	



Park, C.H.; Chung, M.J.; Oh, T.G.; Park, J.Y.; Bang, S.; Park, S.W.; Kim, H.; Hwang, H.K.; Lee, W.J.; Song, S.Y. Differential diagnosis between gallbladder adenomas and cho-lesterol polyps on contrast-enhanced harmonic endoscopic ultrasonography. Surg. Endosc. 2013, 27, 1414–1421. [Google Scholar] [CrossRef] [PubMed]

	



Andrén-Sandberg, Å. Diagnosis and Management of Gallbladder Polyps. N. Am. J. Med. Sci. 2012, 4, 203–211. [Google Scholar] [CrossRef]

	



Hanada, K.; Itoh, M.; Fujii, K.; Tsuchida, A.; Hirata, M.; Ishimaru, S.; Iwao, T.; Eguchi, N.; Kajiyama, G. Pathology and cellular kinetics of gallbladder with an anomalous junction of the pancreaticobiliary duct. Am. J. Gastroenterol. 1996, 91, 1007–1011. [Google Scholar]

	



Tanno, S.; Obara, T.; Fujii, T.; Mizukami, Y.; Shudo, R.; Nishino, N.; Ura, H.; Klein-Szanto, A.J.; Kohgo, Y. Proliferative potential and K-ras mutation in epithelial hy-perplasia of the gallbladder in patients with anomalous pancreaticobiliary ductal union. Cancer 1998, 83, 267–275. [Google Scholar] [CrossRef]

	



Hijioka, S.; Mekky, M.A.; Bhatia, V.; Sawaki, A.; Mizuno, N.; Hara, K.; Hosoda, W.; Shimizu, Y.; Tamada, K.; Niwa, Y.; et al. Can EUS-guided FNA distinguish between gallbladder cancer and xanthogranulomatous cholecystitis? Gastrointest. Endosc. 2010, 72, 622–627. [Google Scholar] [CrossRef]

	



Sadamoto, Y.; Kubo, H.; Harada, N.; Tanaka, M.; Eguchi, T.; Nawata, H. Preoperative diagnosis and staging of gallbladder carcino-ma by EUS. Gastrointest. Endosc. 2003, 58, 536–541. [Google Scholar] [CrossRef]

	



Makar, M.; Zhao, E.; Tyberg, A. Personalized Approach to the Role of Endoscopic Ultrasound in the Diagnosis and Management of Pancreaticobiliary Malignancies. J. Pers. Med. 2021, 11, 180. [Google Scholar] [CrossRef] [PubMed]

	



Fujita, N.; Noda, Y.; Kobayashi, G.; Kimura, K.; Yago, A. Diagnosis of the depth of invasion of gallbladder carcinoma by EUS. Gastrointest. Endosc. 1999, 50, 659–663. [Google Scholar] [CrossRef]

	



Tamura, T.; Yamashita, Y.; Kawaji, Y.; Hatamaru, K.; Itonaga, M.; Ashida, R.; Okada, K.I.; Kawai, M.; Yamaue, H.; Kitano, M. Endoscopic ultrasound-guided fine needle aspira-tion with contrast-enhanced harmonic imaging for diagnosis of gallbladder tumor (with video). J. Hepato-Biliary Pancreat. Sci. 2021, 28, e1–e3. [Google Scholar]

	



Hijioka, S.; Hara, K.; Mizuno, N.; Imaoka, H.; Bhatia, V.; Mekky, M.A.; Yoshimura, K.; Yoshida, T.; Okuno, N.; Hieda, N.; et al. Diagnostic performance and factors influencing the accuracy of EUS-FNA of pancreatic neuroendocrine neoplasms. J. Gastroenterol. 2016, 51, 923–930. [Google Scholar] [CrossRef]

	



Singla, V.; Agarwal, R.; Anikhindi, S.A.; Puri, P.; Kumar, M.; Ranjan, P.; Kumar, A.; Sharma, P.; Bansal, N.; Bakshi, P.; et al. Role of EUS-FNA for gallbladder mass lesions with bili-ary obstruction: A large single-center experience. Endosc. Int. Open 2019, 7, E1403–E1409. [Google Scholar] [PubMed]

	



Jacobson, B.; Pitman, M.B.; Brugge, W.R. EUS-guided FNA for the diagnosis of gallbladder masses. Gastrointest. Endosc. 2003, 57, 251–254. [Google Scholar] [CrossRef]

	



Varadarajulu, S.; Eloubeidi, M.A. Endoscopic Ultrasound-Guided Fine-Needle Aspiration in the Evaluation of Gallbladder Masses. Endoscopy 2005, 37, 751–754. [Google Scholar] [CrossRef]

	



Meara, R.S.; Jhala, D.; Eloubeidi, M.A.; Eltoum, I.; Chhieng, D.C.; Crowe, D.R.; Varadarajulu, S.; Jhala, N. Endoscopic ultrasound-guided FNA biopsy of bile duct and gallbladder: Analysis of 53 cases. Cytopathology 2006, 17, 42–49. [Google Scholar] [CrossRef]

	



Wu, L.M.; Jiang, X.X.; Gu, H.Y.; Xu, X.; Zhang, W.; Lin, L.H.; Deng, X.; Yin, Y.; Xu, J.R. Endoscopic ultrasound-guided fine-needle aspiration biopsy in the evaluation of bile duct strictures and gallbladder masses: A systematic review and meta-analysis. Eur. J. Gastroenterol. Hepatol. 2011, 23, 113–120. [Google Scholar] [CrossRef]

	



Hijioka, S.; Hara, K.; Mizuno, N.; Imaoka, H.; Ogura, T.; Haba, S.; Mekky, M.A.; Bhatia, V.; Hosoda, W.; Yatabe, Y.; et al. Diagnostic yield of endoscopic retrograde cholangiography and of EUS-guided fine needle aspiration sampling in gallbladder carcinomas. J. Hepato-Biliary-Pancreat. Sci. 2011, 19, 650–655. [Google Scholar] [CrossRef]

	



Ngamruengphong, S.; Xu, C.; Woodward, T.A.; Raimondo, M.; Stauffer, J.A.; Asbun, H.J.; Wallace, M.B. Risk of gastric or peritoneal recurrence, and long-term outcomes, following pancreatic cancer resection with preoperative endosonographically guided fine needle aspiration. Endoscopy 2013, 45, 619–626. [Google Scholar] [CrossRef]

	



Hirooka, Y.; Goto, H.; Itoh, A.; Hashimoto, S.; Niwa, K.; Ishikawa, H.; Okada, N.; Itoh, T.; Kawashima, H. Case of Intraductal Papillary Mucinous Tumor in Which Endosonography-Guided Fine-Needle Aspiration Biopsy Caused Dissemination. J. Gastroenterol. Hepatol. 2003, 18, 1323–1324. [Google Scholar] [CrossRef]

	



Kojima, H.; Kitago, M.; Iwasaki, E.; Masugi, Y.; Matsusaka, Y.; Yagi, H.; Abe, Y.; Hasegawa, Y.; Hori, S.; Tanaka, M.; et al. Peritoneal dissemination of pancreatic cancer caused by endoscopic ultrasound-guided fine needle aspiration: A case report and literature review. World J. Gastroenterol. 2021, 27, 294–304. [Google Scholar] [CrossRef]

	



Kang, S.H.; Joo, J.S.; Kim, S.H.; Kim, K.H.; Lee, E.S. EUS-guided fine-needle biopsy of gallbladder polypoid lesions. VideoGIE 2020, 5, 151–153. [Google Scholar] [CrossRef]

	



Nakai, Y.; Isayama, H.; Chang, K.J.; Yamamoto, N.; Mizuno, S.; Mohri, D.; Kogure, H.; Matsubara, S.; Tada, M.; Koike, K. A pilot study of EUS-guided through-the-needle for-ceps biopsy (with video). Gastrointest. Endosc. 2016, 84, 158–162. [Google Scholar] [CrossRef]

	



Sun, S.; Ge, N.; Brugge, W.R.; Saxena, P.; Sahai, A.; Adler, D.G.; Giovannini, M.; Pausawasdi, N.; Santo, E.; Mishra, G.; et al. An international, multi-institution survey of the use of EUS in the diagnosis of pancreatic cystic lesions. Endosc. Ultrasound 2019, 8, 418–427. [Google Scholar] [CrossRef]

	



Canakis, A.; Lee, L.S. State-of-the-Art Update of Pancreatic Cysts. Dig. Dis. Sci. 2021, 12, 1–15. [Google Scholar]

	



Lakhtakia, S.; Ramchandani, M.; Galasso, D.; Gupta, R.; Venugopal, S.; Kalpala, R.; Reddy, D.N. EUS-guided radiofrequency ablation for management of pancreatic insulinoma by using a novel needle electrode (with videos). Gastrointest. Endosc. 2016, 83, 234–239. [Google Scholar] [CrossRef]

	



Benbow, E.W. Xanthogranulomatous cholecystitis associated with carcinoma of the gallbladder. Postgrad. Med. J. 1989, 65, 528–531. [Google Scholar] [CrossRef]

	



Lee, H.S.; Joo, K.R.; Kim, D.H.; Park, N.H.; Jeong, Y.K.; Suh, J.H.; Nam, C.W. A Case of Simultaneous Xanthogranulomatous Cholecystitis and Carcinoma of the Gallbladder. Korean J. Intern. Med. 2003, 18, 53–56. [Google Scholar] [CrossRef]

	



Chen, Y.-I.; Chatterjee, A.; Berger, R.; Kanber, Y.; Wyse, J.M.; Lam, E.; Gan, S.I.; Auger, M.; Kenshil, S.; Telford, J.; et al. Endoscopic ultrasound (EUS)-guided fine needle biopsy alone vs. EUS-guided fine needle aspiration with rapid onsite evaluation in pancreatic lesions: A multicenter randomized trial. Endoscopy 2021. [Google Scholar] [CrossRef]

	



Crinò, S.F.; Di Mitri, R.; Nguyen, N.Q.; Tarantino, I.; de Nucci, G.; Deprez, P.H.; Carrara, S.; Kitano, M.; Shami, V.M.; Fernández-Esparrach, G.; et al. Endoscopic Ultrasound-guided Fine-needle Biopsy With or Without Rapid On-site Evaluation for Diagnosis of Solid Pancreatic Lesions: A Randomized Controlled Non-Inferiority Trial. Gastroenterology 2021, 161, 899–909.e5. [Google Scholar] [CrossRef]

	



Armellini, E.; Manfrin, E.; Trisolini, E.; Andorno, S.; Ballarè, M.; Bernardoni, L.; Boldorini, R.L.; Gabbrielli, A.; Frulloni, L.; Larghi, A.; et al. Histologic retrieval rate of a newly designed side-bevelled 20G needle for EUS-guided tissue acquisition of solid pancreatic lesions. United Eur. Gastroenterol. J. 2019, 7, 96–104. [Google Scholar] [CrossRef]

	



Bang, J.Y.; Hebert-Magee, S.; Navaneethan, U.; Hasan, M.K.; Hawes, R.; Varadarajulu, S. EUS-guided fine needle biopsy of pancreatic masses can yield true histology. Gut 2017, 67, 2081–2084. [Google Scholar] [CrossRef] [PubMed]

	



Crinò, S.F.; Ammendola, S.; Meneghetti, A.; Bernardoni, L.; Bellocchi, M.C.C.; Gabbrielli, A.; Landoni, L.; Paiella, S.; Pin, F.; Parisi, A.; et al. Comparison between EUS-guided fine-needle aspiration cytology and EUS-guided fine-needle biopsy histology for the evaluation of pancreatic neuroendocrine tumors. Pancreatology 2021, 21, 443–450. [Google Scholar] [CrossRef] [PubMed]

	



Crinò, S.F.; Larghi, A.; Bernardoni, L.; Parisi, A.; Frulloni, L.; Gabbrielli, A.; Parcesepe, P.; Scarpa, A.; Manfrin, E. Touch imprint cytology on endoscopic ultrasound fine-needle biopsy provides comparable sample quality and diagnostic yield to standard endoscopic ultrasound fine-needle aspiration specimens in the evaluation of solid pancreatic lesions. Cytopathology 2019, 30, 179–186. [Google Scholar] [CrossRef] [PubMed]

	



Kitano, M.; Tamura, T.; Yamashita, Y.; Itonaga, M.; Ashida, R. Usefulness of EUS-FNA with contrast-enhanced harmonic imaging for diagnosis of gallbladder tumor. Endosc. Ultrasound 2021, 10, 224–226. [Google Scholar] [CrossRef]

	



Shibata, T.; Arai, Y.; Totoki, Y. Molecular genomic landscapes of hepatobiliary cancer. Cancer Sci. 2018, 109, 1282–1291. [Google Scholar] [CrossRef]

	



Javle, M.; Borad, M.J.; Azad, N.S.; Kurzrock, R.; Abou-Alfa, G.K.; George, B.; Hainsworth, J.; Meric-Bernstam, F.; Swanton, C.; Sweeney, C.J.; et al. Pertuzumab and trastuzumab for HER2-positive, metastatic biliary tract cancer (MyPathway): A multicentre, open-label, phase 2a, multiple basket study. Lancet Oncol. 2021, 21, S1470–S2045. [Google Scholar] [CrossRef]

	



Hirata, K.; Kuwatani, M.; Suda, G.; Ishikawa, M.; Sugiura, R.; Kato, S.; Kawakubo, K.; Sakamoto, N. A Novel Approach for the Genetic Analysis of Biliary Tract Cancer Specimens Obtained Through Endoscopic Ultrasound-Guided Fine Needle Aspiration Using Targeted Amplicon Sequencing. Clin. Transl. Gastroenterol. 2019, 10, e00022. [Google Scholar] [CrossRef]

	



Kuwatani, M.; Sakamoto, N. Evolution and a promising role of EUS-FNA in gene and future analyses. Endosc. Ultrasound 2020, 9, 151–153. [Google Scholar]

	



Dreyer, S.B.; Jamieson, N.; Evers, L.; Duthie, F.; Cooke, S.; Marshall, J.; Beraldi, D.; Knight, S.; Upstill-Goddard, R.; Dickson, E.J.; et al. Feasibility and clinical utility of endoscopic ultrasound guided biopsy of pancreatic cancer for next-generation molecular profiling. Chin. Clin. Oncol. 2019, 8, 16. [Google Scholar] [CrossRef] [PubMed]








[image: Diagnostics 11 01586 g001 550] 





Figure 1. Early-stage gallbladder cancer (m) type I. (a) Endoscopic ultrasonography: Broad-based elevated lesion in the gallbladder body. Nodular surface structure and slightly non-uniform internal echo. Regular hyperechoic external layer of the gallbladder wall where the lesion is attached. (b) Magnified image: Papillary-shaped tumor. Low papillary-shaped lesion contiguous with the base of the papillary-shaped lesion. No invasion of the proper muscular layer. 
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Figure 2. Gallbladder adenoma. (a) Endoscopic ultrasonography (EUS): Pedunculated elevated lesion (arrow). (b) EUS (Doppler mode): Linear blood flow in the peduncle. 
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Figure 3. Intracystic papillary neoplasm (ICPN; adenocarcinoma: m). (a,b) Endoscopic ultrasonography (EUS): Broad-based elevated lesion. 
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Figure 4. Pancreaticobiliary maljunction with gallbladder wall thickening. (a) Endoscopic ultrasonography (EUS): Diffuse low papillary-shaped elevated lesion in the gallbladder (arrow). (b) Endoscopic ultrasonography: Pancreaticobiliary duct junction in the pancreatic parenchyma. CBD; common hepatic duct, MPD; main pancreatic duct (c) ERP: Findings of the pancreatic duct junction-type maljunction. 
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Figure 5. Xanthogranulomatous cholecystitis. (a) Abdominal ultrasonography: Wall thickening around the entire gallbladder and gall stone in the neck (arrow head). (b) Contrast-enhanced computed tomography: Marked wall thickening and poorly marginated border with liver parenchyma. (c) Endoscopic ultrasonography (EUS): Marked wall thickening (arrow). 
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Figure 6. Comparison of gallbladder layer and EUS findings. 






Figure 6. Comparison of gallbladder layer and EUS findings.



[image: Diagnostics 11 01586 g006]







[image: Diagnostics 11 01586 g007 550] 





Figure 7. T3 gallbladder cancer. (a) Contrast-enhanced computed tomography: enhanced gallbladder mass in the body. (b) Endoscopic ultrasonography: hypoechoic tumor in the gallbladder with no hyperechoic outer layer. 
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Figure 8. EUS-FNA of the gallbladder. (a,b) A case of gallbladder cancer: a thickened part of the gallbladder wall punctured while avoiding the gallbladder lumen. 
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Table 1. Classification of gallbladder lesion.
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High-to-Intermediate Frequency

	
Low Frequency






	
Neoplastic

	
Adenocarcinoma

Adenosquamous carcinoma

	
Adenoma

Carcinosarcoma

Metastatic tumor

Neuroendocrine tumor

Malignant lymphoma




	
Non-Neoplastic

	
Elevated lesion

	
Cholesterol polyp

	
Hyperplastic polyp

Metaplastic polyp

Inflammatory polyp

Fibrous polyp




	
Flat or thickened wall lesion

	
Cholecystitis

Adenomyomatosis

Hyperplastic change

(associated with the pancreas bile duct maljunction)
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Table 2. Studies comparing the role of EUS-FNA for the gallbladder mass.
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	Author
	Year
	No.
	Final Diagnosis
	Sensitivity
	Specificity
	Accuracy
	Complication Rate





	Jacobson et al. [30]
	2003
	6
	Malignant 5

Benign 1(XGC)
	83.3%
	100%
	83.3%
	0%



	Varadarajulu et al. [31]
	2005
	6
	Malignant 5

Benign 1(cholecystitis)
	100%
	100%
	100%
	0%



	Meara et al. [32]
	2007
	7
	Malignant 7
	80%
	100%
	85.71%
	0%



	Hijioka et al. [23]
	2010
	15
	Malignant 10

Benign 5(XGC)
	90%
	100%
	93.3%
	0%



	Hijioka et al. [34]
	2011
	83
	Malignant 83
	96%
	100%
	98%
	0%



	Singla et al. [29]
	2018
	101
	Malignant: 98

Benign 1
	90.8%
	100%
	90.9%
	0%
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